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, 2 ( )
, , –
. $(M, \omega)$ $2n$ , H M
. , $H$ $X_{H}$ \mbox{\boldmath $\omega$}(XH, ) $=dH$
. , M H C\infty $C^{\omega}$
( ) . , M \mbox{\boldmath $\phi$} \mbox{\boldmath $\omega$} ,
. :
$X_{H}$ ( , \mbox{\boldmath $\phi$})
$n$ ( $r\geq 2,$ $r=\infty$ $r=\omega$ ) – $F_{1},$ $\ldots$ ,
, $C^{r}$- :
(i) $dF_{1},$ $\ldots$ , d M open-dense 1 ;
(ii) $F_{1},$ $\ldots$ , , $\{F_{i}, F_{j}\}\equiv 0$ $(i,j=1, \ldots,n)$ .
M $F,$ $G$ $\{F, G\}$ $\{F, G\}:=\omega(XF, Xc)$
. $\{p, H\}=dF(X_{H})=X_{H}F$ , F $X_{H}$ –
$\{F, H\}\equiv 0$ . , $\{F, c\}\equiv 0$ ,
$X_{F},$ $X_{G}$ , $X_{F},$ $X_{G}$ .
938 1996 160-168 160




( [H-Z] ) :
(Arnol’d-Jost) $X_{H}$ ( \mbox{\boldmath $\phi$}) Cr-
, - $F_{1},$ $\ldots$ , $F^{-1}(c):=\{F_{k}=c_{k}(k=$
$1,$ $\ldots$ , $n$)} $dF_{1},$ $\ldots,$ $dF_{n}$ 1 ( $\mathrm{c}_{k}\in \mathrm{R}$ ). , $F^{-1}(C)$
Cr-l $n$ }, $T^{n}(=\mathrm{R}^{n}/\mathrm{Z}^{n})$
, $U$ $C^{r-1}$
$\psi$ : $T^{n}\cross D\ni(\xi, \eta)arrow\psi(\xi, \eta)\in U$ (D $\mathrm{R}^{n}$ )
:
(i) $\psi^{*}\omega=\sum_{=k1}^{n}d\xi k\wedge d\eta_{k}$ ;
(ii) $F_{k^{\circ}}\psi(\xi,\eta)=f_{k}(\eta)$ $(k=1, \ldots,n)$ ;
(iii) $H_{\circ}\psi(\xi, \eta)=h(\eta)$ . ( \mbox{\boldmath $\phi$} $\psi^{-1_{\circ}}\phi_{\circ}\psi(\xi,$ $\eta)=(\xi+h_{\eta}(\eta),$ $\eta)$ ).
$f_{k}(\eta),$ $h(\eta)$ \eta \in D Cr-l .
, U $T^{n}\cross D$ , $X_{F_{1}},$ $\ldots,$ $X_{F_{n}}$
$X_{H}$ ( \mbox{\boldmath $\phi$}) . \xi $\eta$
, . $X_{H}$ $(\xi, \eta)$
$\dot{\xi}=h_{\eta}$ , $\dot{\eta}=-h_{\xi}=0$
$X_{H}$
$\xi(t)=\xi 0+th_{\eta}(\eta 0)$ , $\eta(t)=\eta 0$ , ( $\xi_{0},$ $\eta_{0}\in \mathrm{R}^{n}$ )
. , \xi $T^{n}$ $\mathrm{R}^{n}$ , $\xi\in \mathrm{R}^{n}$ , $\psi$ \xi \in Rn





$X_{F_{n}}$ ) , $X_{H}$
$h_{\eta}(\eta 0)\text{ ^{ } _{ } }\xi\mapsto*\xi+th_{\eta}(\eta 0)$ Cr-l\dashv .
, \mbox{\boldmath $\phi$} $n$ $\Gamma$ \mbox{\boldmath $\phi$} , \mbox{\boldmath $\phi$}
$h_{\eta}(\eta 0)$ \xi \mapsto \xi +h\eta (\eta 0) Cr-l\dashv / .
\psi $C^{r-1}$ , $H$ ( \mbox{\boldmath $\phi$})
“ ” , $\psi$ (regularity) ?
. \psi $C^{\infty}(C^{\omega})$ , $\eta_{1},$ $\ldots,$ $\eta_{n}$ $X_{H}$ (
\mbox{\boldmath $\phi$}) $C^{\infty}(C^{\omega})$ – , $X_{H}$ ( \mbox{\boldmath $\phi$}) r
$C^{\infty}(C^{\omega})$- . \langle C\mbox{\boldmath $\omega$}
.
2 , – ,
, ( ) .
, $2\leq r<\infty$ $r=\infty,$ $r=\omega$ , $C^{r}(S^{1}\cross I),$ $C^{r}(S^{1})$
$\mathrm{R}\cross I$ (I $\mathrm{R}$ ), $\mathrm{R}$ Cr $F(x, y),$ $F(x)$ , $x\in \mathrm{R}$
1 .
, $I_{1}\subset \mathrm{R}$ , $\phi$ $S^{1}\mathrm{x}I_{1}$ $C^{\infty}(C^{\omega})$






$f(x, y)=x+f(x, y)\wedge$ , $f\wedge$, g $x\in \mathrm{R}$ 1 (2)
. , \mbox{\boldmath $\phi$} $C^{r}$- , \mbox{\boldmath $\phi$} $C^{r}$ - $F(x, y)\in C^{\mathrm{r}}(s^{1}\cross I_{1})$
, Arnol’d-Jost \psi
. , $I_{2}\subset \mathrm{R}$ , Cr
$W(x, \eta)=x\eta+\overline{W}(x,\eta)$ , $\overline{W}\in C^{r}(S^{1}\cross I_{2})$ (3)
$\mathrm{R}\cross I_{2}$ $W_{x\eta}(X, \eta)\neq 0$ (4)
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, Cr-l \psi (implicit )
$\xi=W_{\eta}(x, \eta)=x+\overline{W}_{\eta}(x,\eta)$ , $y=W_{x}(X, \eta)=\eta+\overline{W}_{x}(x, \eta)$ (5)
. \psi $\mathrm{R}\cross I_{2}$ $\mathrm{R}\cross \mathrm{I}_{1}$ $d_{X\wedge}dy=d\xi\wedge d\eta$
. Arnol’d-Jost $\psi$ $F$ $\psi(\xi, \eta)=h(\eta)$









$1=W_{\eta x}(X, \eta)u\xi(\xi, \eta)$ (7)
$\mathrm{R}\mathrm{x}I_{2}$ $u_{\xi}(\xi, \eta)\neq 0$
. ,
.
, \psi \mbox{\boldmath $\phi$} ,
$c\infty$ ( $C^{\omega}$ ) .
, , \mbox{\boldmath $\phi$} r ( $S^{1}\cross I_{1}$ )




[A 1] (1)$-(2)$ $c\infty$ ( $C^{\omega}$ ) \mbox{\boldmath $\phi$}: $\mathrm{R}\cross$
$I_{1}arrow \mathrm{R}^{2}$ , (3)$-(4)$ W -l $(r\geq 2)$
\psi : $\mathrm{R}\cross I_{2}arrow \mathrm{R}\cross I_{1}$ , (6)
.
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1 [A 1] , $\eta 0\in I_{2}$ \alpha ’(\eta o) $>0\text{ }\alpha(\eta 0)$
, $W(x, \eta_{0}),$ $W_{\eta}(X, \eta_{0})$ $x\in \mathrm{R}$ $C^{\infty}(C^{\omega})$ . \mbox{\boldmath $\phi$}
r $=\psi(\mathrm{R}\mathrm{x}\{\eta=\eta_{0}\})$ $y=W_{x}(x, \eta 0)$ $c\infty(C^{\omega})$ ,
\mbox{\boldmath $\phi$} \xi \mapsto \xi +\alpha (\eta 0) $C^{\infty}$ (C\mbox{\boldmath $\omega$})- .
$W(x, \eta 0),$ $W_{\eta}(x, \eta 0)$ $x\in \mathrm{R}$ $C^{\infty}(C^{\omega})$
. , (5) $\text{ }\eta=\eta_{0}$ 2 r
$C^{\infty}(C^{\omega})$ , 1 $x$ ,
\mbox{\boldmath $\phi$} C\infty (C\mbox{\boldmath $\omega$})\dashv .
\alpha ’(\eta o) $>0$ \psi Twist map
. , KAM .
[A.2] .
[A 2] \mbox{\boldmath $\phi$} $t$ $X_{H}$ time-one map
$H(t,x, y)$ $\mathrm{R}\cross \mathrm{R}\cross I_{1}$ ,
$t,$ $x\in \mathrm{R}$ 1 $H_{yy}(t, x, y)>0$ $C^{\infty}(C^{\omega})$
.
\mbox{\boldmath $\phi$} $c\infty$ monotone twist , $(x, y)>0$ , exact
$([\mathrm{M}])$ . \mbox{\boldmath $\phi$} exact \mbox{\boldmath $\phi$}*(ydx) $-ydx=dS$
$S(x, y)\in C^{\infty}(S^{1}\cross I_{1})$ [A. 1] monotone-
twist . , [A 1]
\psi (Cr ) C\mbox{\boldmath $\omega$} ([S-Z] ) ,
, $\phi$
$(x, y)\vdasharrow(x+\alpha(y), y)$ $C^{1}$ . $f(x, y)$
$x+\alpha(y)$ , $\alpha’(y\mathrm{o})>0$ y=y $(x, y)>0$




$\omega\in \mathrm{R}$ \tau Diophantine , $(\mathrm{D}\mathrm{C})$
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$\gamma>0$ \tau $\geq 1$ :
$(\mathrm{D}\mathrm{C})$ $p,$ $q\in \mathrm{Z}(q>0)$ $|q\omega-p|\geq\gamma|q|^{-\tau}$
\mbox{\boldmath $\omega$} .
2 [A 1] [A 2] , $\eta 0\in I_{2}$ \alpha ’(\eta 0) $>0$ \alpha (\eta 0)
\tau ( \tau $< \frac{r-4}{4},$ $r>8$ ) Diophantine ,
$W(x, \eta_{0}),$ $W_{\eta}(X, \eta 0)$ $x\in \mathrm{R}$ $c\infty(C^{\omega})$ , 1
( 1 ).
, \tau \tau $<(r-4)/4,$ $r>8$ Salamon-Zehnder
[S-Z, Theorem 5] 2 . [S-Z, Theorem 8]









$\phi^{q}(_{X}, y)=\psi 0\rho^{q}\mathrm{O}\psi^{-1}(X, y)$ (8)
.
$\phi^{q}(x,y)=(f^{q}(x, y),g^{q}(x, y))$
. , r , $(x, y)=\psi(\xi,\eta_{0})$
$\rho^{q}(\xi, \eta 0)=(\xi+q\alpha(\eta_{0}), \eta 0)=(\xi+p, \eta 0)$ , (2)
$f^{q}(x, y)-x=p$ (9)
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. (8) $(x, y)$ , D\psi \xi
1 , $D\psi^{-1}(x, y)=(D\psi(\xi, \eta 0))^{-1}$
$D\phi^{q}(x, y)=D\psi(\xi, \eta 0)D\rho(q\xi, \eta 0)(D\psi(\xi, \eta_{0}))-1$ (10)
. $D\phi^{q}(x,y)$ (10)
$f_{y}^{q}(x, y)=q\alpha’(\eta 0)(u_{\xi(\xi,\eta_{0}}))^{2}$ (11)
. $u_{\xi}\neq 0$ , $\alpha’(\eta 0)>0$ $f_{y}^{q}(x, y)>0$
. (9) , $(x_{0}, y\mathrm{o})\in\Gamma$
$f^{q}(x, \beta(x))-x=p$ $y_{0}=\beta(x_{0})$
\beta \in C\infty (S1) $(C^{\omega}(s^{1}))$ – . r
$y=\beta(x)$ $c\infty(C^{\omega})$ . \psi (5)
2 \eta $=\eta 0$ , $y=\beta(x)$
$\beta(x)=W_{x}(x, \eta 0)$ .
, $x$ (X, $\eta 0$ ) ( $W(x,$ $\eta_{0})$ ) $c\infty(C^{\omega})$
. (7)
$W_{\eta x}(x, \eta 0)=\frac{1}{u_{\xi}(\xi,\eta 0)}$
, $u_{\xi}\neq 0$ , $u_{\xi}>0$ $u_{\xi}<0$ , (11)
$y=\beta(x)$ , $u_{\xi}(\xi, \eta 0)$ $x\in \mathrm{R}$ $c\infty(C^{\omega})$
. $W_{\eta x}(x, \eta 0)\in C^{\infty}(S^{1})(C^{\omega}(s^{1}))$ , $W_{\eta}(x, \eta 0)$ $x\in \mathrm{R}$ $C^{\infty}$
$(C^{\omega})$ . ,
1 .
4 2 KAM Salamon-Zehnder ([S-Z,
Theorem 5, pp.123-124]) . $H(t, x, y)$ [A 2]
, $X_{H}$ $\varphi^{t,t_{0}}$ . ( $X_{H}$ t=t
$t$ .) , \mbox{\boldmath $\phi$} time-one
166
maP, $\phi=\varphi^{1,0}$ . \mbox{\boldmath $\phi$} E $\varphi^{t,0}(-\infty<t<\infty)$
$(t, x, y)$ , $S^{1}\mathrm{x}S^{1}\cross I_{1}$ 2
$T^{2}=S^{1}\cross S^{1}$ .
$w(t, \xi)=(X(t, \xi),$ $y(t, \xi))=\varphi t,0_{\circ\psi(\xi-}\omega t,$ $\eta 0)$
, $\mathrm{R}^{2}$ $\mathrm{R}\cross I_{1}$ $C^{r-1}$
$w(t, \xi+\omega t)=\varphi t,0_{\circ\psi(\xi,)}\eta 0$
, \xi \in R $w(t, \xi+\omega t)$ $t=0$ \psi $(\xi, \eta 0)$ $X_{H}$
. $T^{2}$
$i=1$ , $\dot{\xi}=\omega$
$C^{r-1}$ $w$ , $(1, \omega)$
.
$\frac{d}{dt}w(t, \xi+\omega t)=w_{t}(t, \xi+\omega t)+\omega w_{\xi}(t, \xi+\omega t)$
, \xi \in R $w(t, \xi+\omega t)$ $X_{H}$ , $w(t, \xi)$
$Dw(t, \xi)=J\nabla H(t, w(t,\xi))$ ; $D= \frac{\partial}{\partial t}+\omega\frac{\partial}{\partial\xi}$ , $J=$ (12)
.
$H_{yy}(t, x, y)>0$ (13)
,




$F(t, x,p)=<y,p>-H(t, x, y)$
167
, $y$ $p=H_{y}(t, x, y)$ .
(13) . , (X, $y$ ) $=w(t, \xi)$ (12)
, $x:(t, \xi)\ovalbox{\tt\small REJECT}arrow x(t, \xi)$
$DF_{p}(t, x, Dx)=F_{x}(t, x, Dx)$
. (13) H $F$
$F_{pp}(t,x,p)>0$
, $w(t, \xi)$ $x$- $x(t, \xi)$
$x_{\xi}(t, \xi)>0$ (14)
([S-Z, Lemma 9]). $a(t, \xi):=(x_{\xi})2F_{pp}(t, X, Dx)$
$a(t, \xi)>0$ $((t, \xi)\in \mathrm{R}^{2})$ $\int_{T^{2}}a(t, \xi)-1dtd\xi>0$
. [S-Z] , $(F, x)$ . [S-Z, Theorem 5]
time-dependent $C^{r-1}$ $x(t, \xi)$ $\mathrm{R}^{2}$ $C^{\infty}(C^{\omega})$ .
$y(t, \xi)=F_{p}(t, x(t, \xi), Dx(t, \xi))$
, $y(t, \xi)$ $\mathrm{R}^{2}$ $c\infty(C^{\omega})$ , $x(\mathrm{O}, \xi)=u(\xi, \eta_{0}),$ $y(\mathrm{O}, \xi)=$
$v(\xi, \eta 0)$ \xi $c\infty(C^{\omega})$ . $x=u(\xi, \eta 0),$ $y=v(\xi, \eta 0)$
(5) \eta =\eta 0 , (14) $u_{\xi}>0$ , $x=u(\xi, \eta 0)$
\xi . $W_{\eta}(x, \eta 0),$ $W(x, \eta 0)$ $x$ $C^{\infty}(C^{\omega})$
, .
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